INTRODUCTION
Visible and near ultraviolet radiation passing through the telluric atm^ ^here is attenuated primarily by molecular and large particle scattering. In the absence of clouds, the dominant scatterers over continental regions are diutoraic molecules and sub-micron size solid particles 1 suspended in the form of an aerosol. Elterman published a detailed model of clear air extinction coefficient variation w.'th altitude for continental regions. However, maritime atmospheres can be considerably different since the nature and concentration of the aerosols are undoubtedly not the same as those found over continental land masses.
In practical considerations involved in light measurements through the atmosphere one must also consider the effect of clouds, particularly insofar as they may distort the spectral distribution of the source radiation. Heavy cumulus or stratus can readily be detected by their obvious attenuation. However, the more prevalent cirrus, and particularly cirrostratus, are frequently quite thin and specularly transmitting. Such clouds are difficult to detect visually at night and frequently even in daytime..
In this paper we describe results of recent measurements of clear air extinction coefficients made at three different locations of wide climatic variation. Of greatest interest are possible differences that may exist between continental and oceanic atmospheres. Table 1 gives the coordinates of the three measurement sites.
Cirrus data were acquired at the mid-Pacific site where clouds are more prevalent and where their optical effects are, therefore, of greater concern. All measurements were carried out by means of a highly stable, filtered radiometer using the sun as a background source. A biplanar vacuum photodiode radiometer (EG&G Model 58) with an S-20 response detector (ITT FW 114A) was used because of its excellent long term radiometric stability and high degree of linearity over a wide dynamic range (about 10 5 ). Its relatively low sensitivity was of no consequence in these solar measurements. The instrument had a minimum noise equivalent irradiance of about 3 x lO" 10 w/cm2 at 55OO X. The collimatlng tube was 50 cm long, and 3.1 and 3. 6 cm in diameter at the two ends. This configuration was set up to yield a flat field response over a 1/2 degree viewing cone, with the response dropping to zero at about 4 degrees off axis. In this mamier, the ratio of direct sunlight to surrounding skylight sensed by the detector was maximized.
A series of seven interference filters was used to yield nearly monochromatic measurements at equally spaced wavelengths in the region 4000 to 7000 I Figure 1 shows the actual bandpass functions of the filters along with the normalized spectral response of the radiometer.
In practice, the sun was tracked manually for several hours before and/or after noon with the instrument head mounted on a tripod. Readings were recorded with each of the seven filters at 15 to 30 minute intervals, provided that no obvious cloud obscuration was present. Before each reading, the instrument was adjusted in elevation and azimuth to give peak signal. A one percent variation in light intensity could be readily detected. This high level of sensitivity also enabled the detection of light clouds, which invariably resulted in rapid signal variations as a result of their motions. Thus, visual observation of clear sky in the sun direction followed by a steady radiometer signal was a good indication of the absence of all but very thin clouds.
Sun coordinates corresponding to each reading were computed from the re-3 corded timing and data in the Nautical Almanac. Using nominal air mass calculations for a spherical atmosphere, "ncluding the effect of refraction, the radiometer signals for each wavelength were plotted as a function of air mass in the usual semi-5 log format to yield straight line approximations in accordance with Beer's law.
With the instrument kept in the same configuration, zero air mass photocurrent extrapolations for two sets of data recorded 4-1/2 months apart show long term absolute radiometric stability within + 5% (Table 2 ). With the zero air mass solar intensity points thus established during clear air days, it was subsequently possible to interpret any other individual reading directly in terms of atmospheric transmittance to a similar accuracy. February at Valley Forge (also see Table 2 ). Results for January 8, 10, 12, 15, 17 and 18 are subject to progressively more interference by transparent cirrus clouds, with the afternoons of the 12th and 17th having the heaviest, though still transparent, overcast. Relative intensity vs. air mass plots for these days are shown in the appendix. It is interesting to note that straight line approximations with the correct zero-air intercepts can be made for even the worst cirrus days.
Since each set of data refers to a widely extended portion of the sky, the linear results indicate the presence of relatively constant thickness cirrostratus covering large areas. * Data for January 12 and 17, for example, indicate two distinct slopes *A scattering medium distributed in the form of a uniform slab will result in extinction coefficient proportional to sec 9, where 8 is the angle of incidence. For 9 (zenith angle) approaching 90°, the extinction due to stratus will approximately follow the s'r mass for a curved atmosphere. cept for a slight hump at 6000 K, probably due to water vapor absorption, the measured extinction coefficient is a nearly constant .03 above that predicted on the basis of molecular scattering, while it is on the average . 06 lower than that given by the aerosol scattering model. At 7000 A, the measured coefficient is nearly twice the o Rayleigh value whereas at 4000 A it is only 10% higher. Thus, a significant contribution from aerosols is evident, though not nearly as large as given by the model data.
Results of the Valley Forge measurements are compared with model data in Figure 7 . Again, the model shows a slight tendency to overestimate the effect of aerosols, though the mean values for the three days are considerably closer to the aerosol model than was the case at White Sands. At 7000 A, the mean measo ured value is 3. 5 times the Rayleigh value while at 4000 A, it is 50% higher. The day-to-day variation, on the other hand, indicates a nearly constant 20-30% systematic change over the entire visible spectrum. Since the spectral distribution was found unchanged, these daily variations are attributed directly to similar percent changes in total concentration of atmospheric scatterers.
Unlike the spectrally flat day-to-day variations in the Valley Forge data, the extinction coefficients for Kwajalein shown in Figure 8 display an entirely different nature in their variation. Excluding the results for the afternoon of the 12th, the spread in T goes from 10% in the blue to 70% in the red. The systematic increase in extinction coefficient from January 5 to January 17 ia attributed to a gradual increase in the general level of cirrus overcast which was also observed, though with some difficulty, visually. It can be seen that the scattering contribution from cirrus on the afternoon of the 12th was particularly strong. This again was confirmed visually.
All indications are that the data shovn for January 5 are representative of a clear atmosphere for the Kwajalein region. The relationship of these data with respect to the model curves is quite similar to that found for the continental measurements. It is somewhat surprising that this should be the case since a maritime atmosphere would be expected to contain a different type and concentration of aerosols than would be found over a land mass. In all cases discussed In this paper, the contribution of scattering by aerosols in the red is on the same order of magnitude as that due to molecular scatterers. Thus, measurements In the red portion of the spectrum give a sensitive Indication of the concentration of aerosols, while the ratio of red-to-blue describes their type, e.g., size, size distribution, etc. In terms of these parameters, no major differences could be observed between the continental and maritime atmospheres.
Having assumed that January 5 was a representative clear day at Kwajalein, the extinction coefficients for that day were used as a baseline to deduce the transmission spectra of thin cirrus clouds for the remainder of the observation period.
These are shown In Figure 9 where we show the wavelength dependence of the extlnctlon coefficients attributed to cirrus clouds,which consist of small Ice crystals.
Also shown as the right-hand ordlnate Is a scale of specular transmlttance at normal Incidence. Earlier description of the data has Indicated that Equation 1 is a good approximation for the observed clrrostratus, as well as for the clear atmosphere.
As may be expected, the data of Figure 9 reveal a variation in the cloud thickness from day to day. However, In all cases there Is a'gradual Increase In T from blue to red by an amount varying from . 05 to .1 depending on the cloud thickness. Thus, spectroscoplc measurements through such clouds at the zenith will ■ result in maximum spectral distortions of 5 to 10% in the indicated spectral range.
At 30° elevation angle, these spectral distortions would double. Absolute intensity measurements through this type of cirrus at normal incidence would be subject to errors of less than 25% even for the worst case observed. 2 Day-to-day variations in T of as much as 30% were found for the industrial atmosphere. This variation was nearly independent of wavelength and is, therefore, attributed to changes in concentration of scatterers rather than type. The clear air measurements data at the desert site indicate a somewhat more transparent atmosphere than was found at the other locations. However, no significant differences in the scattering spectra were found between continental and maritime air.
Based on the clear air transmission data from the Pacific site, extinction coefficients for optically thin cirrus clouds were inferred. In going from 4000 o to 7000 A, these clouds show a slight increase in T, from . 05 to . 1 depending on the cloud thickness. Thus, a 5 to 10% systematic spectral distortion may be expected in looking at a source through such clouds at normal incidence. 
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